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Introduction 

The study of environmental factors 
responsible for respiratory disease in chil¬ 
dren is important for 2 reasons: (J) the 
absence of confounding factors, such as 
personal smoking and occupation, 
makes the interpretation of any observed 
association between air quality and re¬ 
spiratory disease more credible; and (2) 
the growing realization that respiratory 
illness during childhood may predispose 
to the development of respiratory mor¬ 
bidity and early mortality from respira¬ 
tory illness during adult life (1, 2). 

This particular usefulness of children 
has become more important as air qual¬ 
ity has improved during the last decade 
(1970-1979) and levels become closer to 
the Ontario guidelines. For total sus¬ 
pended particulates (TSP), the Ontario 
objective (annual geometric mean) is 60 
pg/m 3 . In 1978, the annual TSP in 
Hamilton was 77 pg/m*. For sulphur di¬ 
oxide, the objective is 0.02 ppm annual 
average and the measured level was 0.016 
ppm (3). 

Studies in several countries from 1967 
to 1978 have identified la number of en- 
vironmental factors that might lead to 
respiratory disease in children. The ini¬ 
tial study of the effect of the particu¬ 
late/sulphur dioxide (SO,) complex was 
conducted by Lunn and coworkers (4) 
and showed increased prevalence of re¬ 
spiratory symptoms and reduced pulmo¬ 
nary function in areas of poor air qual¬ 
ity. Improvement in air quality led to a 
reduction in these adverse health effects 
(5), Follow-up studies in several towns in 
the United Kingdom by Melia and col¬ 
leagues (6) showed that adverse health 
effects were now extremely difficult to 
find with the further improvement in air 
quality. These studies, however, did not 
consider the possible role of parental 
smoking. 

As outdoor air quality improved, at¬ 


tention changed to indoor air quality, 
particularly in relation to parental smok¬ 
ing and indoor sources of gaseous pollu^ 
tants such as gas stoves. The health ef¬ 
fects from parental smoking appear to 
be most marked in the first years of life 
(7), but studies of this effect on older chil¬ 
dren have not yielded consistent results* 
some showing increased prevalence of 
symptoms (8) but others showing no ef¬ 
fect (9,10). Colley and coworkers (11) sug¬ 
gested that the effect of parental smok^ 
ing may be due predominantly to the in¬ 
creased prevalence of parental cough. An 
effect of parental smoking on childrens 
pulmonary function has also been shown 
(12,13). The influence of gas cooking was 
first suggested by Melia and coworkers 
(14), although the effect seemed to de¬ 
crease as the children became older. In 
contrast, Keller and colleagues (15) were 
not able to find any effect of gas cook¬ 
ing on children’s respiratory symptoms. 

The uncertainty about the role of low 
levels of TSP and S0 2# and their impor¬ 
tance in relation to domestic environmen¬ 
tal factors, led us in 1978 to initiate a 3- 


yr cohort study in Hamilton, Ontario 
that was designed to answer the follow¬ 
ing questions. (I) Is there an effect on 
children’s respiratory health of suspended 
particulates and SOj at the present lev¬ 
els? (2) What is the effect of the various 
factors in the domestic environment 
when considered in relation to outdoor 
air quality? 

The main study was preceded by a pi- 
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TABLE 1 

SUSPENDED PARTICULATE LEVELS BY AREA OF CITY 
_ (JANUARY THROUGH DECEMBER I960) _ 

__ WU EU WL El 1C 

Total tusp«nd*d partiouictM, iig/m** 44 43 61 1 68 90 

TSP load < 7.0 p, H 70.3 66.6 67 9 71i1 62.1 

Maximal dally average, pg/m't 140 146 173 149 223 

Monitoring sites, n___ 5 _3_9_4_ 6 

O&tHbon ctrtbtwto tom WU • awi upper Quadrant; EU - aaatUpperquadrant WL • mt lower 
quadrant. EL - erat lower quadrant. 1C • Industrial cor* 

* Avaraga or annual geometric maam of ai arise in aacri area 
1 Average of dally maxima of aU arias in each area 


lot study (16) which demonstrated that 
within Hamilton, Ontario, there existed 
substantial gradients across the city for 
suspended particulates and SO a that 
would enable us to study children with 
differing exposures in the same city. This 
offered major logistical advantages in a 
design similar! to that of Lunn and co- 
workers (4). During the current study* 
these gradients for suspended parlies 
lates continued to be present. The levels 
in each area of the city during 1980 are 
shown in table 1 in terms both of the an¬ 
nual geometric mean and of the daily 
maximum. The table also shows the 
proportion of paniculate load less than 
7,0 pi Despite the increasing level of par¬ 
ticulates towards the industrial core, there 
is little change in the proportion of par¬ 
ticulate matter less than 7.0 \i. 

Methods 

Design of Study 

Hamilton, with a population of approxi¬ 
mately 300,000, is a city situated at the west¬ 
ern end of Lake Ontario. The dominant geo¬ 
graphic feature is an escarpment of approxi¬ 
mately 100 ro high that runs from east to west, 
effectively dividing the city into a lower sec¬ 
tion and a mountain section. The city is in- 
dtmrial, with the heavy industrial core, lo¬ 
cated in the northeast section of the city, be¬ 
ing the dominant producer of particulate and 
SO a emissions, although there is a secondary 
SOi area source in the commercial section lo- 


sary for biologic significance. One of the prin¬ 
cipal outcomes of interest was the measure¬ 
ment of air flow, especially at low lung 
volumes. Estimates of the mean and standard 
deviation of these variables were obtained 
from our pilot study (16) (FEV,; mean, 1.79 
L; SD, 0.36; MEF„: mean, lL09L/s;SD*0.44). 
The fust criterion employed in sample size 
determination was that there should be only 
a 10W chance of missing a biologic differ¬ 
ence (Beta error * 0.1). A second criterion 
was that a difference was considered to exist 
between the 2 samples if the appropriate 
statistical test showed that the observed differ¬ 
ence had only a 5W chance of occurring in 
the absence of any real difference (Alpha er¬ 
ror *= 0.05). Within each of these quadrants, 
schools were randomly selected until at least 
800 children from Grades 2,3* and 4 during 
the initial school year had been included. The 
only children excluded were those older than 
10 yr of age by the end of 1978. All children 
in the required grades from the final school 
selected in each quadrant were chosem The 
children included in the first year of testing 
made up the initial cohort. 

After more detailed air quality monitor¬ 
ing during the first year of the study, it was 
realized that the area of highest exposure (Le., 
TSP annual geometric mean >60 pg/m 1 ) was 
underrepresented, despite the initial stratifi¬ 
cation by quadrants in the original design. 
For this reason, the 3 remaining schools in 
this area were added, with all children within 
the required age interval 1 being included. 

In addition, in the second year, all children 


in this same age interval as the initial cohort 
who moved into a school of study were in¬ 
cluded in the study. During the third year, no 
new children were addbd. 

The questionnaire used in the study was 
one that we had employed in the pilot study 
It was developed from a questionnaire used 
in a similar study in the European Economic 
Community. The questionnaire covered 
several aspects of the child’s respiratory his¬ 
tory, family smoking and respiratory profile, 
certain aspects of the childls medical back¬ 
ground, and information relating to the qual¬ 
ity of the dwelling and socioeconomic dicum- 
stances of the family. There were differences 
between our questionnaire and that developed 
by the American Thoracic Society (17). In our 
questionnaire, a distinction was made between 
morning cough and cough during the day or 
night, the respondent being asked if the child 
usually coughed in the morning or during the 
day or night, respectively. Sputum produc¬ 
tion was not asked about. The question on 
wheezing inquired if the chest ever sounded 
wheezy or whistling. In addition* a question 
about asthmatic attacks in the previous 12 
months was included. TWo questions related 
to acute respiratory illness were included. The 
first asked about a period of cough and 
phlegm lasting for 3 wk or more and the sec¬ 
ond about any chest illness keeping the child 
home for a week or more. (A detailed ques¬ 
tionnaire is available from the writers.) In Year 
2, questions about early childhood illnesses 
were added that were derived from the ques¬ 
tionnaire designed by the American Thoracic 
Society (17). Our questionnaire was ad¬ 
ministered in the home by a trained interviewer 
to the mother or femalt guardian, or in her 
absence, to the father or male guardian; The 
questionnaire was administered in each of the 
3 yr of the study prior to the performance 
of pulmonary function testing. 

Pulmonary function testing was performed 
at the child's school. Four types of pulmo¬ 
nary function tests were performed: forced 
expired maneuvers (FEV, t FVC, MEF*>, 
MBF„, and MET), spirometry (a slow vital 
capacity (VQ following quiet breathing) i(VC, 
ERV), single-breath nitrogen washout 
(CV/VC, N a difference) and multiple-breath 


cated in the western part of the city. Prevail¬ 
ing winds are from the southwest; 

Initial air quality monitoring during the pi¬ 
lot study had indicated the presence of sub¬ 
stantial gradients for both particulates and! 
SO,, with the mountain section having lower 
levels than the lower section of the city. On 
this basis and on the knowledge of prevailing 
winds, we divided the city into 4 quadrants 
(figure 1) for the purpose of selection of the 
sample to be studied. The sampling frame was 
all public elementary schools within the city 
of Hamilton. Sample size considerations dic¬ 
tated that at least 800 children would be re¬ 
quired within each quadrant. A difference of 
5 to 7V« in the mean of a particular pulmo¬ 
nary function variable was felt to be ncces- 


F»g-1. Outlirte map o* Hamilton. On¬ 
tario. showing the 4 quadrants choeen 
in the original design, and the Industrial 
Core (1C) (WU - west upper; ELi - east 
upper; WL - west lower; EL - east 
tower). 
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TABLE 2 

CONSENT AND TESTING RATE EGR SAMPLE 



Year 1 

Year 2 

Year3 

Eligible for interview 

3,505 

3.727 

3.168 

Interviews completed 

3,3*5 

3.588 

3,065 

Interview completion rate, % 

95.4 

96 3 

967 

Consents given for testing 

3,329 

3,573 

3,055 

Consent rate, % 

95.0 

959 

964 

Number tested ( 

3.131 

3,439 

2J949 

Testing completion rate. % * 

89.3 

92.3 

93.1 


nitrogen washout (FR£). The additional use 
of the single-breath nitrogen washout was 
justified by the study of Becklake and cowork¬ 
ers (18), who showed an increase in closing 
volume in chiUlrrn exposed to a high parties 
late/SOi environment. 

Air quality was measured by a comprehen¬ 
sive particulate and !SO a network. There were 
27 monitored sites for TSP using hi-voi sam¬ 
plers, with 9 additional hi*vol samplers with 
Andersen 4-stage cascade impactors for the 
measurement of mass median diameter. In 
addition, there were 16 sites for SO a moni* 
tored in groups of 8, using Beckman 906A 
monitors (Beckman Instruments, Fullerton, 
CA), for 6-wk periods in rotation. These sites 
were distributed throughout the city. Details 
of air quality monitoring will be contained 
in a subsequent report. 

Protocol 

In the questionnaire survey, interviewers were 
randomly assigned to eligible children at each 
school to be visited, thus ensuring that several 
interviewers would be assigned to each school. 
In addition, interviewers were rotated to 
schools in different parts of the city. The par¬ 
ents had been informed in advance by letter 
to expect a phone call from the interviewen 
The letter also described the purpose of the 
study as being the investigation of the child’s 
respiratory health. No mention was made of 
air pollution. Each interviewer telephoned the 
parent or guardian to arrange for an appoint* 
ment for questionnaire administration. There 
was provision for 3 call-backs, if no contact 
was established initially, before no further at¬ 
tempt at interviewing was made. At the time 
of contact, the interviewer was able to screen 
out those children who were older than 10 
yr of age in the first year of testing. If the 
parent consented to the interview* they were 
then visited by the interviewer. The percent¬ 
age of those eligible, for whom an interview 
was not obtained, including those with whom 
no contact could be established, ranged from 
4.6% in Year 1 to 3.3% in Year 3 (table 2). 
No further attempt was made to follow these. 
Interpreters were used as necessary, but were 
required for less than 1% of the parents. At 
the end of the interview, the pulmonary func¬ 
tion test was explained to the parent or guards 
ian, and'written consent for the test was ob¬ 
tained at that time The completed question* 
naire was then returned for coding* 
keypunching, and data storage at the Com* 
putation Services Unit at the Health Sciences 
Centre, McMaster University. 

Pulinonary function testing was per¬ 
formed, throughout the school year, within 
4 wk of the completion of the interview, TWo 
teams of pulmonary function technicians were 
assigned alternately to a school in the upper 
and in the lower part of the city. The testing 
routine was explained initially to all the stu¬ 
dents at an assemply and explained further 
to each child at the time of his or her testing. 
A questionnaire about smoking habits was 
alio administered to the child at the time of 
testing in the third year of the study. Pulmo¬ 


nary function testing was performed using the 
Hewlett-Packard 47804A Pulmonary Calcu¬ 
lator System (Hewlett-Packard, Waltham* 
MA). In this system, flow is measured by a 
pneumotachygraph, and volume is computed 
internally by integration with time. Calibrar 
tion of the 2 systems used was performed twice 
daily with a 2-L syringe. Correction for am¬ 
bient temperature and pressure was performed 
internally by the computer system by enter¬ 
ing the appropriate values. After measurement 
of height and weight, the child first performed 
a multiple-breath nitrogen washout. This was 
followed by at least 3 forced expired maneu¬ 
vers. For acceptance, the 2 largest FVC values 
had to be within 5% of each other. All meas¬ 
urements were taken from the maneuver with 
the greatest sum of FVC and FEY,. Spirome* 
try was then performed] If the VC obtained 
was less than the FVC by more than 10%, the 
spirometry was repeated until the estimate was 
within 10%. However* if the VC was greater 
than the FVC by more than 10%, then the 
forced expired maneuver was repeated until 
the FVC estimate was within 10% of VC. Fir 
nally, at least 2 single-breath nitrogen 
washouts were performed in which the expired 
nitrogen concentration was continuously plot¬ 
ted against VC. The method used was that 
of Mansell and associates (19), but without 
the additional dead space. For acceptance of 
the single-breath nitrogen washout test, the 
VC had to be within 10% of the lkrgest previ¬ 
ous VC from spirometry. If both single-breath 
maneuvers were acceptable, then the closing 
volume from the maneuver with the greater 
VC was taken for analysis. The presence of 
an upper or lower respiratory infection was 
noted by the technician at the time of the test. 
However, the test was always performed, the 
infection data to be used at the time of analy¬ 
sis to estimate the effect of the infection on 
pulmonary function. The testing followed the 
same sequence in Years 2 and 3, except that 
in Year 3, the single-breath nitrogen washout 
was omitted because of poor reproducibility 
(see Discussion). The child was not neces* 
sarily tested with the same system nor by the 
same technician, but comparison of results 
from the 2 teams was performed at regular 
intervals to identify any systematic differ¬ 
ences. 

All measurements of flow and of volume 
were computed internally, with output being 
recorded by an on-line printer. Closing vol¬ 
ume, however, was computed by inspection 


of the single-breath nitrogen washout curve, 
and was taken at that point of inflection of 
the nitrogen washout curve from a line drawn 
through phase 3 of the curve (19). These results 
were then returned for coding* keypunching, 
and data storage in a manner similar to the 
questionnaire data. 

The quality control of the data gathered! 
was performed in several ways. For both the 
questionnaire and the pulmonary function 
coding* a random 5% sample of the data was 
recoded by a second coder. The reliability of 
the questionnaire data was estimated by the 
random selection of 4 interviewers after each 
pair of schools was completed. For each in¬ 
terviewer, 2 interviews were randomly chosen, 
and within those interviews, 2 questions were 
randomly selected. The appropriate respon¬ 
dent was then phoned and the questions were 
asked again. Apart from estimating the relia¬ 
bility of the answers, this procedure also veri¬ 
fied that the original interview had indeed! 
taken place. Interinterviewer variation or bias 
was estimated by comparing the response rates 
to certain questions obtained by each inter¬ 
viewer. These date were then examined to sec 
if any differences between interviewers might 
be greater than that caused by chance alone. 
When such a difference was found, interview¬ 
ing technique was reviewed to ensure con¬ 
sistency of technique. In no case was it neces¬ 
sary to change any of the interviewing staff 
because of poor reliability. 

The reliability of the pulmonary function 
testing was estimated by the retesting of 8 chil¬ 
dren in each school, 2 children randomly cho¬ 
sen from each age group. All data from pul¬ 
monary function testing were passed through 
a range checking program after data storage, 
the range being 4 standard deviations centered! 
at the mean, these interval! estimates of 
parameters being derived from the original! 
pilot study. Finally, we were interested in de¬ 
termining any systematic differences between 
the 2 pulmonary function testing teams. The 
presence of any differences was estimated by 
parallel line regression analysis for 4 of the 
variables measured (FVC, MEF,», MET, and 
CV/VQ. This technique used regression anal¬ 
ysis to Fit a regression line separately to the 
data collected by each team; if the linear rela¬ 
tionship was the appropriate model, then the 
hypothesis that the 2 lines were parallel was 
tested] If this hypothesis was not rejected, then i 
the hypothesis that the intercepts were the 
same was tested. If the second hypothesis was 
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YEAR I YEAR II YEAR III 


TABLE 3 



1 | o x»M flOm 

Fig. 2. Matntananc* of cohort size, sharing numbers 
lost by Attrition end Industrial iCore group added during 

ttar2 


not rejected then it was concluded that the 
regression lines for the 2 teams were coinci¬ 
dent (20). 

A final quality control measure was an ex¬ 
amination of the proportion of missing values 
for each variable for each team, as an indica¬ 
tor of systematic differences between the 2 
teams. The analysis and the results of these 
quality control measures will be described in 
detail in a separate report. However, the relia¬ 
bility of the questionnaire and pulmonary 
function data, and the success rates of pul¬ 
monary function testing, are described in this 
report. 

Statistical analyses were performed by sub¬ 
programs in the Statistical l Package for the 
Social Sciences (21), The difference between 
sample means was tested for significance by 
subprogram t test for paired i samples, Pear¬ 
son’s product-moment correlation coefficient, 
as a measure of associat ion of 2 independent 
variables, was computed by subprogram scat- 
tergram. Hypothesis tests were all two-tailed. 


Results 

Characteristics of Cohort 
The number who were eligible for test¬ 
ing in each year of the study is shown 
in table 2. To be eligible, the child could 


CHARACTERISTICS OF SAMPLE TESTED 



Y*ar 1 


Yaar 2 


Yaar 3 



(p) 

m 

<") 

(%) 

ip) 

m 

Ma1« 

1,6111 

SIS 

11769 

51.4 

1313 

61.3 

Female 

1320 


11670 


1,436 


Caucasian 

2,876 

91.9 

3,161 

9119 

2,723 

923 

Non-Caucasian 

255 


278 


226 


Total 

3,1311 


3.439 


2,949 



TABLE 4 

PREVALENCE OF DOMESTIC FACTORS BY AREA OF CITY: YEAR 2* # 


WU 

EU 

WL 

EL 

1C 

Number 

629 

678 

741 

963 

242 

Mother amoks 

37.3 

42.5 

423 

482 

601 

Father smoke 

38.3 

43.4 

43.3 

502 

6113 

Mother cough 

15.7 

15.0 

173 

173 

28.5 

Fathar cough 

22.1 

26.4 

26.1! 

25.6 

404 

Gas cooking 

6.3 

8.3 

29.7 

15.6 

43.4 

Share room with 2 or more 

2.3 

3.6 

73 

7.0 

68 

Incoma lass than S10k/yr 

15.8 

113 

20.7 

15.6 

259 

Lass than 2 yr at presant address 

22.4 

19.0 

263 

25.6 

34.4! 
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not have attained his or her eleventh 
birthday before December 31,1978. This 
tablfe also shows the interview comple¬ 
tion rate obtained in each year. The rate, 
which was above 95 % for each year, is 
considered acceptable. In addition, the 
percentage giving consent for the pulmo¬ 
nary function testing was virtually iden¬ 
tical to that giving consent for interview. 
There was, however, a degree of attrition 
after consent was given for pulmonary 
function testing, before the test was per¬ 
formed! The major reason for this was 
the child having moved from a testing 
school into a nontesting school during 
the time between consent and testing. 
This attrition was less in Years 2 and 3. 

An important feature of the study was 


the ability to follow the initial cohort into 
the second and third yean of the study. 
The particular importance of this is the 
ability to measure changes in pulmonary 
function variables as the child grows. It 
is possible that the rate of change of a 
particular pulmonary function variable 
might be a mart sensitive outcome meas¬ 
ure than the use of a single point esti¬ 
mate. The number of children with pul¬ 
monary function testing in Year 1 who 
were tested in Years 2 and 3 (approxi¬ 
mately 759ii of the original cohort) is 
shown in figure 2. The figure also shows 
the number of children added in Year 2 
and how many of these were followed into 
Year 3. The characteristics of the chil¬ 
dren at the time of pulmonary function 


TABLE 5 


PREVALENCE OF SMOKING* 






A0»O") 





8 

9 

10 

111 

12 

13 

Total 

Any history of smokingt 

Yes 

No 

0(0) 

3 

57 (113) 
425 

175 (18.1) 
791 

250 (28.3) 
634 

168 (373) 
310 

37 (50.0) 

37 

707(243) 

2200 

Total 

3 

482 

966 

684 

498 

74 

2,907 

Smoking in last 4 wk* 

Yes 

No 


2 (3-6) 

53 

28 (16.4) 
143 

41 (17.0) 
200 

56 (303) 
126 

12 (32.4) 

25 

139(20 3) 
547 

Total 


55 

171 

241 

182 

37 

686 


* Values ara frequency with percentages in parentheses 
t Missing observations. 156 

♦ Missing observation*. 21 
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TABLE 6 

REPEAT ABILITY OF RESPIRATORY SYMPTOM QUESTIONS 


dhiestoo 

Raw Agreement 

ChanceOxrected 

Agreement 

(Kappa) 

Cough in morning, 

0.92 

0* 

Cough during day or night 

0.80 

0* 

Chest wheezy or whistling 

0.80 

0.53 

Asthma tn previous 12 months 

0.96 

0 76 

Cold goes to chest usually 

Cough and phlegm tor 3 wk 

*1.0 

1.0 

m previous 12 months 

Absence from school tor 1 wk or more 

0.95 

0* 

in previous 12 months 

1.0 

1.0 


* In each cm, on* marginal waa zero, making Kappa an unrafcaW# aatimata oI chanoacorrac ta d 


testing in each of the 3 yr are shown in 
table 3: There is a slight excess of males 
over females in each year, and the pre¬ 
dominant Caucasian ethnic characteris¬ 
tic of the sample is to be noted. 

Previous studies have shown that cer¬ 
tain factors other than outdoor air qual 1 
ity can be related to the incidence or prev¬ 
alence of childhood respiratory disease 
(7,10,13). The distribution of these fac¬ 
tors in each of the 4 original quadrants* 
and also in the additional group of 


details the agreement statistics for each 
of these questions, both in terms of raw 
agreement and of chance-corrected 
agreement (Kappa). In certain cases, 
Kappa was an unreliable estimate of 
chance-corrected agreement, because one 
marginal of the 2 x 2 table from which 
the Kappa was to be computed was zero. 
Kappa ranged from a substantial level of 
0.56 to an excellent level of 1.0. The per¬ 


centage of missing values by team for 
variables derived I from the 4 pulmonary 
function maneuvers is shown in tabk 7, 
The values are shown for Year 1. The 
commonest reason for a pulmonary 
function value to be missing was that the 
child could not meet the required criteria 
for test acceptance These results, there¬ 
fore, give a comparison of ability of the 
2 teams in obtaining successful tests for 
each test in each age group. The repeata¬ 
bilities of the lung function measure* 
ments in Years 1 and 2 of the study are 
shown in tables 8 and 9; There were small 
but significant differences for several of 
the measurements (FVC, MEF m , MEF 7 *, 
MET, and VC) in Year 1 and to a larger 
extent in Year 2. The results for Year 3 
are not displayed for sake of brevity, but 
they showed no significant differences. 
The product-moment correlation coeffi^ 
dents for certain of these variables are 
shown in table 10 for Year 1. These range 
from 0.97 for FVC to 0.14 for CV/VC 
The reprod ucibility of these tests might 
have been affected by the presence of a 
respiratory infection during either the ini- 


schools in the industrial core that were 
added in Year 2, are shown in table 4. 
In this table, a smoker is one who smokes 

1 or more cigarettes or cigars per day. The 
percentage with cough includes those 
with a positive answer to either of the 
questions: “Do you usually cough in the 
morning?” or “Do you usually cough 
during the day or night?” To simplify the 
presentation, only the results from Year 

2 are shown. However, those from Years 
1 and 3 are similar. The prevalence of 
these factors varied across the city and 
was highest in the industrial area, where 
the level of TSP was also the highest (ta* 
ble 1). A further, potentially confound^ 
mg covariable was the prevalence of 
smoking by the children themselVes. Be¬ 
cause the age interval in the first year was 
between 7 and 10 yr of age, we did not 
expect to find many smokers. However, 
by the third year of the study, it might 
be expected that some of the older chil¬ 
dren would have commenced regular 
smoking. We therefore administered a 
smoking questionnaire to the children at 
the time of pulhionary function testing. 
The number of children in each age group 
who stated that they had smoked at least 
1 cigarette in the last 4 wk is shown in 
table 5. 


Quality Control 

The repeatability of the respiratory symp¬ 
tom questions is shown in table 6, which 


TABUE 7 

PERCENTAGE OF MISSING VALUES BY TEAM; YEAR 1 


AQ9(yr) 


Variable 

Team 

6 

7 

8 

9 

10 

11 

Total 

FVC 

A 

0.0 

1.0 

0.4 

2J1 

0.3 

2:6 

1.0 


B 

0.0 

3.3 

1.6 

1.3 

0.9 

34 

ia 

VC 

A 

33.3 

12.5 

5 1 

7.5 

110 

0.0 

6.4 


B 

33.3 

115 

54 

2.4 

i;8 

34 

51 

FRC 

A 

16.7 

5 8 

3.9 

4.8 

1.0 

0.0 

3 9 


B 

167 

104 

5.0 

1.5 

ia 

3.4 

4:4 

CV 

A 

667 

49.0 

28.6 

23.8 

12.6 

5.1 

27T 


B 

33 3 

37.4 

24^ 

14.3 

9:0 

20.7 

21.2 

N* difference 

A 

ee:7 

49.3 

28.8 

23.8 

12.6 

51 

27J9 

6 

33.3 

38.5 

24a 

1410 

9.0 

20.7 

21.3 

Children tested, n 

A 

6 

304 

532 

480 

286 

39 

1.647 


B 

6 

270 

501 

456 

223 

29 

1.485 


OaAnMon at aMywiafibnr. CV ■ doatng velum*; N, 4Ht*f*fic* - increase in axpirad n*rog*n uorKMnratMpn^umg pNua iM 
of aingta- bra at h nitrogen washout. 


TABLE 8 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 1 


Variable 

n 

Initial 

Repeat 

f Value 

p Value 
(2-tailedJ 

Mean 

so 

Mean 

SO 

FVC 

216 

2.04 

0.41! 

2.07 

0.41 

-396 

<0.001 

FEV, 

216 

1.67 

0.31 

1.66 

0.31 

1.33 

0190 

MEF m 

215 

2.33 

0.62 

2.14 

0.59 

3.57 

<0001 

MEF n 

211 

0.99 

0.36 

0.94 

0.32 

3.45 

0001 

MET 

215 

0.57 

0.17 

0.59 

0.16 

-3.13 

0:002 

VC 

220 

2.05 

0.41 

2.08 

0.40 

-3.30 

0001 

FRC 

210 

1.19 

0.31 

119 

0.29 

0.13 

0J895 

CV/VC 

166 

0134 

0.09 

0.12 

0.078 

1L42 

0 156 

Nydiff 

160 

1.04 

0:66 

1.03! 

0.52 

013 

0 900 


OtMbon of tMxwvtation* MET • rmdenpiratory tim* in s*cond* For oihf dafinitiom, sm tab* 7. 




Source: https://www.industrydocuments.ucsf.edu/docs/tjnx00ID0 
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TABLE 9 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 2 


Variable 

n 

Initial 

Repeat 

fVahie 

p Value 
(2-tailed) 

Mean 

so 

Maan 

SO 

FVC 

256 

2.37 

047 

2.35 

0J51 

224! 

0.026 

rev,, 

256 

1.91 

0.36 

1.66 

039 

2.66 

0.008 

mef m 

254 

246 

0.63 

2.39 

0.66 

2 64 

0.009 

MEF„ 

254 

105 

0.34 

1.03 

035 

1 49 

0.136 

MET 

256 

0.59 

0.16 

0.60 

0.19 

-1179 

0.75 

VC 

255 

2.39 

0.47 

2-36 

0.49 

2.37 

0.019 

PRC 

253 

1.32 

033 

1.3H 

0.34 

0.37 

0.713 

CV/VC 

226 

0.12 

0.06 

012 

0.09 

-0.13 

0.697 

Nydffl 

226 

0.88 

0.50 

0 65 

0.44 

1.35 

0.178 


For aefinMofi of abbreviation*. — UWe* 7 and 8 


tial or the repeat test . The repeatabilities 
of the lung function measurements were 
therefore reanalyzed, omitting from the 
analysis any test during which the pres¬ 
ence of an upper or lower respiratory in¬ 
fection had been recorded. The results 
from this analysis are shown in table 11. 
Comparison with table 9 does not indi¬ 
cate that the reproducibility of the test 
was improved by the exclusion of current 
respiratory infections. In addition, for no 
variable was the prodiict ^moment corre¬ 
lation coefficient changed by the exclu¬ 
sion of respiratory infections. 


Discussion 

This report outlines the background to 
the study that has been undertaken, the 
design of this study, and the methods that 
were used, and it describes the sample 
that was studied, both in terms of its 
characteristics and i also in terms of im¬ 
portant covariables. The design of the 
study was innovative in selecting schools 
within each of 4 quadrants of the city 
in expectation that these areas would 
show different levels of air quality. How¬ 
ever, the area of the city with TSP levels 
greater than 60 pg/m J annual geometric 
mean was underrepresented when the air 
quality results from the first year were 
analyzed. This required the addition of 


3 schools in the industrial core in the sec¬ 
ond year to achieve a gradient of air qual¬ 
ity that one might expect to show an ef¬ 
fect on the child’s respiratory health. 
Financial constraints often dictate that 
air quality monitoring is done at the same 
time as the measurements of respiratory 
disease outcomes in children or in adtilts. 
However, without detailed prior infor¬ 
mation about the distribution of Ur qual¬ 
ity gradients, modification of the design 
may be required during t he course of the 
study, with the increased difficulty this 
might give in the analysis of the results. 
Random selection of schools within each 
quadrant was performed for this health 
study in the first year but not with the 
additional schools in the second year, be¬ 
cause all the schools in the industrial core 
(that is, the area of highest particulate 
levels) were chosen for inclusion in the 
study. 

The cooperation obtained from the 
Board of Education for the City of 
Hamilton and the parents of the children 
was excellent. We feel that the response 
rate in excess of 95 Vo obtained in each 
year enables us to extrapolate any con¬ 
clusions from the sample chosen to the 
total population of children at risk. 

It was not surprising to find that the 


distribution of covariables, which might 
influence the child’s respiratory health, 
was not uniform across the city. In the 
examination of the relationship between 
levels of air pollutants and respiratory 
health, it is very important that any con¬ 
founding effect of covariables be distin¬ 
guished from the effect of air pollution 
itself. We have shown that the industrial I 
area, which has the highest kvel of TSP, 
has also th €highest prevalence of dbmes- 
tic smoking, parental respiratory symp¬ 
toms, and gas cooking (22). 

A further important consideration in 
the study of the effect of air quality on 
respiratory health is the previous mobil¬ 
ity of the sample being studied. As table 
4 shows, the proportion of children who 
had lived at their present address for less 
than 2 yr varied from 34.4% in the in¬ 
dustrial core to 19.0% on the eastern part 
of the mountain! This difference would 
also have to be taken into account in any 
analysis of these results. 

Cigarette smoking by, the children 
themselves also'1>c&ti^ 
thk particular age group as it can lead 
to respiratory disease: Tager and cowork¬ 
ers (23) showed that children’s smoking 
habits must be taken into account when 
looking at any putative effect of paren¬ 
tal smoking. Direct validation of the es¬ 
timates of smoking obtained from our 
smoking questionnaire was not per¬ 
formed. However, the percentage of chil¬ 
dren admitting to smoking in the previ¬ 
ous 4 wk does increase in the expected 
direction with increasing age In addition, 
these data are comparable to those ob¬ 
tained by Brown and colleagues (24) in 
their survey of smoking habits in Cana¬ 
dian school children. We are therefore 
confident that these results do reflect the 
smoking habits of the children. However, 
the rate of 4.8% who had smoked in the 
previous 4 wk is unlikely to affect the in¬ 
terpretation of the results. 


TABLE 111 


TABLE 10' 

PRODUCT-MOMENT CORRELATION 
COEFFICIENT OF INITIAL AND REPEAT 
ESTIMATES OF PULMONARY 
FUNCTION I VARIABLES 



Yaar 1 

Yaar 2 

FVC 

0.97 

0.86 

FEV, 

0.94 

0.83 

MEF* 

0.78 

0.74 

MET 

0.72 

0.81 

RV 

0 40 

0.43 

CV/VC 

0 14 

0.03 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS 
RESPIRATORY INFECTIONS EXCLUDED: YEAR 1 


Variable 

n 

Initial 

Repeat 

t Value 

p Value 
(2-uHed) 

Mean 

SO 

Maan 

SD 

FVC 

159 

202 

0.41 

2'04 

041 

-3.47 

<0001 

FEV, 

159 

1.66 

0.30 

1.64 

0.30 

0:97 

0 37 

MEF* 

158 

2.26 

0.61 

2.15 

068 

3.26 

0:001 

MEF r , 

156 

1.00 

0.34 

0.94 

0.32 

2:99 

0.003 

MET 

158 

0.56 

0.17 

0.58 

0.16 

-2:93 

0004 

VC 

162 

2.03 

0:40 

2.05 

0.40 

-2.55 

0.012 

FRC 

157 

1.17 

0.32 

1.17 

029 

-0.31 

0-76 

CV/VC 

123 

014! 

ojoe 

0.13 

008 

1.33 

019 

Mi drtf 

120 

1:01 

0:59 

1.06 

0.50 

-0.13 

0.90 


For cMfinrton at abbreviation*. Me tables 7 and 8 


Source: https://www.industrydocuments.ucsf.edu/docs/tjnxOOOO 
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The results of a number of quality con¬ 
trol procedures were part of the study. 
The repeatability of the respiratory symp¬ 
tom questions was estimated only when 
those particular questions were asked 
from the randomly chosen question^ 
naires. W e thoug ht if important to com¬ 
pute chance-corrected agreement (Kap¬ 
pa), because the raw agreement, when the 
prevalence of a particular symptom is 
16w, may give a false impression of good 
agreement, when in fact most of the 
agreement is due to chance alone. For 3 
cases, Kappa could not be computed. On 
the other hand, by the criterion of Landis 
and Koch (25)j agreement was substan¬ 
tial or better for the questions on asthma, 
colds to chest, and absence from school 
for more than i wk with a chest illhess. 
It was only slightly less than substantial 
for the question on wheezing or whis¬ 
tling in the chesL 

The ability of young children to per¬ 
form pulmonary function maneuvers is 
shown in table 7. The forced expired ma¬ 
neuver was the one most successfully per¬ 
formed. In the older age groups, slbw 
spirometry and the multiple-breath nitro¬ 
gen washout were equally well per¬ 
formed! In contrast, the single-breath 
nitrogen washout had a failure rate in ex¬ 
cess of 20%. This lack of success for 
this particular test did not improve in 
Year 2 and lit has been our experience that 
the single-breath nitrogen washout test 
is a difficult maneuver to employ in 
large scale epidemiologic monitoring in 
children. 

In tables 8 and 9, it can be seen that 
in Years 1 and 2 there were small but sig¬ 
nificant differences between the initial 
and repeat estimates of a number of the 
pulmonary function variables that were 
not due to the presence of a respiratory 
infection! The differences were not found 
to be significant, however, in Year 3. No 
significant differences were found be¬ 
tween the initial and repeat estimates for 
the variables derived from the multiple- 
and single-breath nitrogen washout 
maneuvers. However, for these variables, 
the coefficient of variation was much 
greater than for the variables derived 
from the forced expired maneuver, and 
therefore the analysis was tess powerful 
in being able to demonstrate a difference 
if one really existed. An additional meas¬ 
ure of association, the correlation coeffi¬ 
cient, was high for the variables (FEV r 
and FVC) derived from the forced expired 
maneuver; but was much less for those 
variables derived from the single-breath 
nitrogen washout. This low correlation 
reduces considerably the usefulness of 


the single-breath nitrogen washout test 
because the amount of random variation 
may well obscure any true difference be¬ 
tween samples. 

In conclusion, we have described the 
design and execution of a study of the ef¬ 
fects of environmental factors on the res¬ 
piratory health of children within a sin¬ 
gle city. The random selection and high 
response rate have ensured tharthe sam¬ 
ple is characteristic of the population of 
interest in the city. The accurate estimar 
tion of pollution exposure has required 
a more comprehensive network of air 
quality monitors than would normally 
be employed in a single city. The non- 
uniform distribution within the city of 
covariables, such as parental smoking 
and cough, has implications for the de¬ 
tection of the effects of suspended par¬ 
ticulates and SOx, especially when those 
effects are likely to be small at current 
levels of these pollutants. If present, these 
effects are only likely to be detected with 
samples as large as the one that we have 
studied! 

Pulmonary function testing, even in 
the youngest of children, had a high rate 
of success with the exception of the 
single-breath nitrogen washout. We were 
disappointed with the lower rate of suc¬ 
cess of this test, its greater degree of varia¬ 
bility, and its lack of reproducibility. For 
these reasons, it was omitled from the 
Year 3 testing; we feel that its place in 
large scale epidemiologic testing has not 
been justified. 
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